INTRODUCTION {#sec1-1}
============

Biological lipids are a chemically diverse group of compounds, the common and defining feature of which is their insolubility in water. The biological functions of the lipids are as diverse as their chemistry.\[[@ref1]\] The lipid profile is a group of tests that typically includes total cholesterol (TC), triglycerides (TGL), high-density lipoprotein-cholesterol (HDLC), low-density lipoprotein-cholesterol (LDLC) and very low-density lipoprotein-cholesterol (VLDLC).

The correlation of serum and salivary lipid profile has been poorly characterized. The most commonly used laboratory diagnostic procedures for lipid profile involve analysis of cellular and chemical constituents of blood/plasma. Other biological fluids have also been used for similar biochemical tests, among which saliva offers some distinct advantages.\[[@ref2]\] Because lipids are secreted in saliva, it can be used for evaluation of lipid profile.\[[@ref3][@ref4]\]

As a clinical tool, saliva has many advantages over serum. It includes ease of collection by individuals with modest training, ease of storing and shipping. For patients, the non-invasive collection techniques dramatically reduce anxiety, discomfort and simplify procurement of repeated samples for monitoring overtime. Saliva is easier to handle for diagnostic procedures because it does not clot, thus lessening the manipulations required. No special equipment is needed for collection of saliva. Further, analysis of saliva may provide a cost-effective approach for the screening of large populations.\[[@ref2][@ref5][@ref6][@ref7]\]

Thus, the present study aimed to evaluate and compare the serum and salivary lipid profile levels in healthy individuals and to validate the role of saliva as a non-invasive diagnostic tool for assessing lipid profile.

MATERIALS AND METHODS {#sec1-2}
=====================

The institutional ethical committee approved this study. A total of 100 healthy individuals who had no complaint or any major illness in recent past were included in the study; medically compromised patients and patients with other systemic illness were excluded. Since investigation of saliva for diagnostic purposes has been used in various diseases such as bacterial, viral and fungal infections, cancer, hereditary diseases, cardiovascular diseases and also in autoimmune diseases, saliva was used in the present study to assess the various lipid parameters.\[[@ref2][@ref5][@ref7]\]

After obtaining prior informed written consent, the detailed history of the patients was taken and oral examination was done and subsequently recorded. Saliva (2 ml) and blood (2 ml) samples were collected from each participant after overnight fasting (12-14 h). Blood samples were drawn from antecubital vein with minimal trauma under aseptic conditions. Saliva samples were collected under resting conditions following flushing of mouth with 100 ml of distilled water.

The patients were given detailed information about the collection protocol: the importance of the exact timing of the samples, to brush the teeth properly without toothpaste by using bass technique and to use dental floss before the collection, to avoid fluid (apart from water) ingestion and chewing gum for at least 30 min before collection and to rinse the mouth with water (preferably distilled).

In this study, unstimulated saliva was used as stimulation affects quantity, concentration and pH of saliva. The best two ways to collect whole saliva are the draining method, in which the saliva is allowed to drip off the lower lip and the spitting method, in which the subject expectorates into a test tube.\[[@ref2]\] In this study spitting method was used.

Lipid analysis was done on a fully automated analyzer based on spectrophotometric principle using kits obtained from ERBA diagnostics (Transasia Bio-Medicals Ltd, Germany). The serum and salivary lipid profile was analyzed on the same day of the withdrawal of blood and saliva.

The serum and salivary TC was estimated by taking 10 μl of distilled water, 10 μl of sample and 10 μl of cholesterol standard in separate test tubes. In all, 1000 μl of cholesterol reagent was added to all test tubes. The mixtures were incubated at 37°C for 10 min and the absorbance of standard and sample was measured against the blank at 505 nm in the analyzer.

The serum and salivary TGL was estimated by taking 10 μl of distilled water, 10 μl of sample and 10 μl of TGL standard in separate test tubes. 1000 μl of TGL reagent was added to all test tubes. The mixtures were incubated at 37°C for 10 min and the absorbance of standard and sample was measured against the blank at 505 nm in the analyzer.

Serum and salivary HDLC was estimated by mixing 250 μl of serum and saliva sample with 500 μl of HDL-precipitating reagent in separate test tubes, followed by 10 min incubation at room temperature. Mixtures were centrifuged at 4000 rpm for 10 min to obtain a clear supernatant. In all, 50 μl of distilled water, 50 μl of supernatant and 50 μl of HDLC standard were taken in separate test tubes. In all, 1000 μl of cholesterol reagent was added to all test tubes. The mixtures were incubated at 37°C for 10 min and the absorbance of standard and sample was measured against the blank at 505 nm in the analyzer.

Serum and salivary LDLC and VLDLC levels were calculated as shown below:\[[@ref8]\]

LDLC = total cholesterol−(VLDLC)−(HDLC)

VLDLC = triglycerides/5

Statistical analysis {#sec2-1}
--------------------

Evaluation of results and statistical analysis was carried out using descriptive, correlation and regression analysis. In all the above-mentioned tests, *P* \< 0.05 was taken to be statistically significant.

RESULTS {#sec1-3}
=======

The minimum values, the maximum values, the average values and the lower and upper limits for 95% confidence interval (CI) observed for each of the five parameters assessed as a component of lipid profile are depicted in [Table 1](#T1){ref-type="table"}.

###### 

Lipid profile values in serum and saliva in study subjects (mg/dl)

![](JOMFP-18-4-g001)

In the present study, as can be appreciated in [Table 2](#T2){ref-type="table"}, we observed a moderate level of correlation between serum and salivary TC (r = 0.5384), TGL (r = 0.4822), HDLC (r = 0.5689) and VLDLC (r = 0.4388), whereas as far as LDLC is concerned, we observed a low and quite small correlation (r = 0.3182) between serum and salivary values. But for all the five parameters assessed as a part of lipid profile, the correlation coefficients were highly significant statistically (*P* \< 0.01).

###### 

Correlation between serum and salivary lipid profile in study subjects using Pearson\'s correlation
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[Table 3](#T3){ref-type="table"} shows β-value and corresponding *t* and *P* values for serum and salivary lipid profile in study subjects. The principle used for interpretation in this table is that for every one unit change in independent variable there will be change in the dependent variable to an extent of ί-value. The serum values of parameters assessed served as independent variable and the salivary values served as dependent variable in our study. The table depicts the quantum of change in the salivary values of TC, TGL, HDLC, LDLC and VLDLC, when there was one unit change in the serum values.

###### 

ß-value and corresponding *t* and *P* values for serum and salivary lipid profile in study subjects
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Based on the values obtained, the data were divided into different groups in an ascending order, as can be appreciated in [Table 4](#T4){ref-type="table"}. The table depicts that as we move from the first group to the last group, in each of the five parameters assessed, there is an increase in the serum mean values. Correspondingly there is an increase in the saliva mean values for all the five parameters.

###### 

Division of lipid parameters assessed in serum and saliva into different groups
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DISCUSSION {#sec1-4}
==========

Lipids are a heterogenous group of biomolecules that are generally insoluble in water but readily dissolve in non-polar solvents, such as ether and chloroform. They are major cell membrane components essential for various biological functions including cell growth and division of normal and malignant tissues. Cholesterol is essential for maintenance of the structural and functional integrity of all biological membranes. It is also involved in the activity of membrane-bound enzymes and is important for stabilization of DNA helix.\[[@ref8][@ref9][@ref10]\]

In the present study, significant positive moderate degree of correlation was found between serum and salivary TC, TGL, HDLC and VLDLC levels and a significant but low and quite small correlation was found between salivary and serum LDLC levels.

Karjalainen *et al*., (1997)\[[@ref3]\] conducted the study based on relationship of salivary cholesterol of healthy adults in relation to serum cholesterol concentration and oral health. Weak positive correlations between saliva and serum cholesterol concentrations and saliva and serum non-HDLC concentrations were found. It was concluded that in healthy adults saliva cholesterol concentrations reflect serum concentrations to some extent and can be used to select individuals with high serum cholesterol levels. In our study, instead of weak positive correlations, moderate positive correlation was seen between saliva and serum cholesterol concentrations. Thus, it was inferred that salivary lipid profile values do reflect serum lipid values.

Alagendran *et al*., (2009)\[[@ref11]\] in their study to assess the usefulness of saliva as a biomarker of ovulation detection showed that saliva can be used to test cholesterol and phospholipids instead of blood. The present study also suggests that saliva may be used for TC, TGL, HDLC, VLDLC and to some extent for LDLC monitoring, as these follow the course of plasma lipid profile and show a positive correlation.

Al Rawi (2010, 2011),\[[@ref12][@ref13]\] did two different studies and compared plasma and salivary lipid profile in individuals with ischemic heart stroke and the diabetes mellitus and suggested that lipid fractions particularly TGL can be assessed in saliva and may be used alone or in combination with other lipid parameters for monitoring disease activity and severity in such studies. The results of our study suggest that saliva can be used to assess, not only TGL but also TC, HDLC, VLDLC and to some extent LDLC.

In the present study, there was an increase in the saliva mean values corresponding to the increase in serum mean values for all the parameters. This means that some amount of plasma lipid components are filtered into the saliva in proportion to the plasma lipid levels. There are several possible mechanisms by which serum lipids can reach saliva.

Within the salivary glands, transfer mechanisms include intracellular and extracellular routes. The most common intracellular route is passive diffusion, although active transport has also been reported. Ultrafiltration, which occurs through the tight junctions between the cells, is the most common extracellular route. In contrast, a serum molecule reaching saliva by diffusion must cross five barriers: The capillary wall, interstitial space, basal cell membrane of the acinus cell or duct cell, cytoplasm of the acinus or duct cell and the luminal cell membrane.

Lipids may also be found in whole saliva as a result of gingival crevicular fluid outflow. Lipids may also originate from several membranes such as secretory vesicles, microsomes, lipid rafts and other plasma and intracellular membrane fragments of lysed cells and bacteria, although the lower percentage of phospholipids indicates that the salivary lipids are not primarily of membrane origin. A large portion of salivary lipids is associated with proteins, especially to high molecular weight glycoproteins (i.e., mucins) and to proline rich proteins (PRPs).\[[@ref2][@ref14][@ref15]\] Keeping these factors in mind, the study samples were given detailed information about the collection protocol.

The results of the present study support that saliva can be used as a non-invasive diagnostic tool in assessing lipid profile levels, to support this concept are the findings of earlier studies that have been done in other diseases such as detecting various infections; assessing tumor markers; monitoring pharmaceutical and abuse drugs; analyzing hormone levels and also in hereditary and autoimmune diseases.\[[@ref2][@ref5][@ref7]\]

CONCLUSION {#sec1-5}
==========

The results of the present study show that there was a moderate level of correlation existing between serum and salivary TC, TGL, HDLC and VLDLC; a low and quite small correlation exists between serum and salivary LDLC. For all the five parameters assessed as a part of lipid profile, the correlation coefficients were highly significant statistically. With an increase in the serum mean values, correspondingly there was an increase in the saliva mean values for all the five parameters.

From the present study we conclude that saliva can be used as a non-invasive diagnostic tool for assessing lipid profile. However, before a salivary diagnostic test can replace a more conventional one, its diagnostic value has to be determined in terms of sensitivity, specificity, correlation with established disease diagnostic criteria and reproducibility.
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